High-yield C11-oxidation of hydrocortisone by establishment of an efficient whole-cell system in Bacillus megaterium.
Steroidal compounds are one of the most widely marketed pharmaceutical products. Chemical synthesis of steroidal compounds faces many challenges, including the requirement for multiple chemical steps, low yield and selectivity in several synthesis steps, low profitability and the production of environmental pollutants. Consequently, in recent decades there has been growing interest in the use of microbial systems to produce pharmaceutical compounds. Several microbial systems have recently been developed for the microbial synthesis of the glucocorticoid hydrocortisone, which serves as a key intermediate in the production of several other pharmaceutically important steroidal compounds. In this study, we sought to establish an efficient, microbial-based system, for the conversion of hydrocortisone into cortisone. To this end, we developed a strategy for high-yield cortisone production based on ectopic expression of the guinea-pig 11β-Hydroxysteroid dehydrogenase type 1 (11β-HSD1) in Bacillus megaterium. We screened different constructs, containing a variety of promoters tailored for B. megaterium, and created modified versions of the enzyme by protein engineering to optimize cortisone yield. Furthermore, we utilized co-expression of an alcohol dehydrogenase to promote NADP+ regeneration, which significantly improved 11β-HSD1 activity. The process thereby developed was found to show a remarkably high regioselectivity of >95% and to generate cortisone yields of up to 13.65 g L-1 d-1, which represents a ∼1000-fold improvement over the next-best reported system. In summary, we demonstrate the utility of B. megaterium MS941 as a suitable host for recombinant protein production and its high potential for industrial steroid production.